I. INTRODUCTION
A relatively new device for controlling the flow, produced and tested in the laboratory, is known as "synthetic jet actuator". Synthetic jets are produced by a sound source which is at the base of a cavity communicating with the surface exposed to the flow through the circular orifice, as seen in Figure 1 . The actuator is composed of a rigid-walled chamber, an inlet in the upper part exposed to the exterior flow and an elastic membrane which is opposite the orifice. In the phase in which the membrane moves down ward, the outside fluid is drawn into the cavity through the opening. When the membrane moves up, the fluid is discharged through the opening back to the outside flow. If the jet has sufficient energy a vortex ring is generated.
When the cycle is repeated periodically, a vortices column is generated. Sintered synthetic jet adds momentum to the fluid from the outside flow, this happens without added flux mass. Therefore synthetic jets are preferred at the expense of conventional jets.
At a high level of excitation of the elastic membrane, represented by the maximum amplitude of the membrane displacement, it is observed the emanation of a regular fluid jet. Because there is no additional contribution of mass, the stream lines should form a closed circulation as shown in Figure 1 . This phenomenon of acoustic jet stream through an orifice which is based on a highly excited acoustic diaphragm is well known for many years. Figure  2 , [3] , shows the four regimes of circulation and turbulence around an acoustically excited orifice plate in terms of acoustic neck velocity (amplitude) versus frequency. The dotted line corresponds to the area where the particle displacement amplitude is equal to the length of the aperture hole.
At a low excitation level in region 1 and region 2, under the dotted line, a small amount of fluid particles are moving into and out of the cavity without interfering with the fluid outside the cavity. A small amount of acoustic energy is lost to the outside by the phenomenon of acoustic radiation.
Near and above the dotted line, in region 3, significant turbulence are generated near the neck of the orifice, however, a part of the acoustic energy is transferred to the fluid particles.
At high excitation levels, in region 4, the movement of the fluid particles extends beyond the opening providing sufficient time for the particles to form a vortex ring, with a circular aperture. This vortex is separated from the region of the orifice and cause a disturbance powered by the movements caused by convection vortex, thus synthetic jets are formed. All simulations done in this study are made so that the combination of amplitude and frequency should be in region 4.
In the last two decades the synthetic jets and the flow mechanism of its interaction with a cross-flow have been intensively investigated numerically and experimentally.
The advantage of these jets is that they can transfer linear momentum to the main flow without mass injection.
Synthetic jets cover a large range of time and length scales and thus can be attractive for many applications: the flow control of the boundary layer separation, command systems with jets, thrust vectoring, flow control on wind turbines, forced air cooling.
The present work is organized around the following problems: the generation of the synthetic jet, main parameters that characterize synthetic jet performances, the interaction of the synthetic jet with laminar boundary layer, and the effect of synthetic jet on the dynamic stall phenomenon. All investigations are performed numerically using ANSYS FLUENT.
II. GENERATION OF SYNTHETIC JETS
This study proposes the development of sets of numerical simulations at different frequencies and amplitudes of oscillation of the elastic membrane. The actuator has a fixed geometry with the following dimensions: Any numerical results depend on the grid and the computational domain. For validation of a numerical simulation it is necessarily to prove that results are independent on the grid. In this work the numerical simulations were performed using two different grids. The differences between the results obtained with a grid containing 54000 and the results obtained with a grid containing 216000 elements are negligible.
Consequently, the simulations will be conducted using the grid with fewer elements in order to increase the calculation speed and to minimize the space required to store the results.
The numerical simulations are performed in ANSYS Fluent 13. An incompressible pressure solver based on a second order SIMPLE algorithm is utilized. The simulations are non-stationary and the problem is axially symmetric.
The laminar flow model is used; the working fluid is considered to be air having standard properties. To simulate the movement of the membrane the dynamic grid option is used. The motion law is implemented using a UDF.
The time step varies with the membrane oscillation frequency
where f is the frequency. Figure 5 and Figure 6 present the results of numerical simulations. The sequences reveal the vorticity at different moments of time.
The results in Figure 5 are obtained for a frequency f= 50Hz and an amplitude Δ= 0.4 mm. It is noted that the synthetic jet is weak for this combination of frequency and amplitude.
Instead, the results presented in Figure 6 are obtained for f = 400 Hz and an amplitude Δ= 0.8 mm.
The amplitude of the velocity is much higher than the speed of the former case, which leads to the complete development of synthetic jet, thus demonstrating the validity of the graph shown in Figure 2 . The magnitude of speed is higher than the speed of the previous case, which leads to the complete development of the synthetic jet, thus demonstrating the validity of the graph shown in Figure 2 .
III. PARAMETERS WHICH DESCRIBE THE PERFORMANCE OF THE CIRCULAR SYNTHETIC JETS
The synthetic jets are characterized by the formation of vortex rings. The power of a vortex ring, in terms of the intensity of circulation, determines its impact on the boundary layer. In order to ensure that the vortex rings have the strength to affect the boundary layer, it is necessary to know the parameters that influence the formation and propagation of the se vortex rings.
In terms of concept, it is of interest to be highlighted how the actuator geometry can be optimized to enhance the power of the vortex rings.
The study is based on the consideration that the membrane is embedded around the circumference.
Simulations are performed for different fixed values of amplitude and frequency. According to the theory of plates [13] , the deformation of the membrane can be described by the following equation:
where: -is the relative deflection of the diaphragm towards the neutral position; -is the radial distance from the center of the diaphragm, ϵ(0, ]; -is the diaphragm radius. 
In the case of compressible flows, applying the law of conservation of mass, the instantaneous flux of fluid passing through the orifice is given by the equation:
where A is the orifice section. The fluid leaving the orifice with velocity:
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The velocity ̃0( ) is the fundamental criterion for estimating the performance of the jet, when no velocity profile information is available. Because ̃0( ) is independent of the orifice and cavity depth, changing of these two dimensions is irrelevant and is not taken into account in this model. The maximum velocity, ̃, and the mean velocity over a complete cycle, ̅ 0 , can be determined from eq. 4:
where: T is the period of oscillation of the membrane. The total fluid flux, 0 and the mean fluid flux, ̅ 0 over a complete cycle are:
If ̃0( ) is used for replacing the velocity profile 0 ( , ), the instantaneous momentum of the fluid flux could be approximated with the next relation: 
The next relation is used for calculation the mean momentum:
So far there is no precise method for determining the vortex circulation Γ. However, this circulation can be approximated using the total circulation flow vortex in the area of the outlet orifice, Γ 0 . According to Glezer's [14] theory, the total circulation could be approximated using the next relation:
Replacing 0 (0, ) with the mean velocity at the exit of orifice ̃0( ), the next relation is obtained:
IV. INTERACTION OF SYNTHETIC JETS WITH A UNIFORM FLOW ON A FLAT PLATE
Two different types of actuators are analyzed. The figure 12 shows the simple synthetic jet actuator with the nozzle normal to the airfoil surface, and the figure 13 shows the oriented synthetic jet actuator where the nozzle is tangential to the airfoil surface. Figure 14 shows the computational domain and the boundary condition used for the numerical simulation of this section.
There could be observed that the membrane of the actuator is represented as a wall. In order to maintain the laminar flow over the all plate, the Reynolds number must remain below the critical value = 500000. 
V. CONTROLLABILITY OF DYNAMIC STALL USING SYNTHETIC JETS
The phenomenon of dynamic stall is encountered in aeronautics at rotor blades. The purpose of this study is to evaluate the effect of using synthetic jet to delay the flow separation and therefore the reduction of hysteresis loop of the aerodynamic forces. We investigated numerically the case of the NACA0012 airfoil with a chord length c =15 cm, which executes a sinusoidal pitching motion, ( ) = 10°+ 15°• sin(18.67 ), around the point located at ¼ c from the leading edge (corresponding to a reduced frequency =
The airfoil is placed in a free uniform flow with velocity V =14 m/ s and turbulence intensity of about 1%.
The Reynolds number is = 1.35 • 10 5 . For the present study, unsteady Reynolds averaged Navier-Stokes (RANS) model is the suitable approach to perform the dynamic stall flow simulations with an acceptable computational cost and, at least, reasonable accuracy.
The turbulence model used in Fluent is K--SST. The computational domain is composed by an inner circular domain which executes a rigid pitching motion around its center with angular velocity ̇( ) = 15°• 18.67 • cos(18.67 ) • 180 and a fixed exterior circular domain with radius 26 c. The hybrid grid has 760000 nodes; about 1000 nodes are placed on the airfoil surface and clustered close to leading and trailing edges.
The height of the first row of cells bounding the airfoil is set to 10 −5 • which ensures + ≤ 1 for a properly resolved of viscous laminar sub layer.
The height of the cells expands with a growth factor 1.1 towards to the boundary of the airfoil geometric layer. In Figure 19 we present streamlines over pressure contours (gauge pressure) at a few time steps in airfoil pitching motion with synthetic jet control.
We notice that the synthetic jet reduces the hysteresis of aerodynamic coefficients as seen in Figure 20(a) .
The high impulse of the jet produces a quick separation of vortex generated at the leading edge and the flow becomes unstable on the upper surface.
More numerical simulations are necessary to identify an optimal position of the control device and the proper set of frequencies and amplitude for the membrane motion. 
VI. CONCLUSIONS
In this paper we analyze the numerical and experimental behavior of the synthetic jets. Using ANSYS-Fluent a set of numerical simulations for eight different frequencies (50-400 Hz) and a range of five amplitudes (0.4-1.2 mm) was performed.
Using the simulations performed on a flat plate it was found that the directed synthetic jet actuator provides better results than the simple synthetic jet actuator.
From the scientific literature and the investigations conducted on synthetic jets there are found a wide range of benefits as for instance the boundary layer velocity profile thickness increase, the drag coefficient decrease, and the lift coefficient increase.
At the same time there are a number of disadvantages related to the control system maintenance, and many manufacturing issues in the case of the oriented synthetic jets.
There are a number of practical applications where the synthetic jets proved to be effective: the missiles micro jets control systems, and cooling systems with micro jets.
This paper provides a starting point for the following research projects and in the future we intend to continue the study of the active control of flow. k-w,SST
